A three-dimensional numerical simulation of the internal structure of the exhaust channel was carried out by using Fluent software. A three-dimensional model was established by step-by-step simulation of the internal structure of the exhaust pipe performance impact. The results show that the support pipe and the four-wall stiffeners increase the complexity of the flow field. By blocking the effect of the vortex, the static pressure recovery capacity of the exhaust cylinder is improved and the uniformity of the flow rate of the throat outlet section is reduced, but the total pressure loss was increased.
Introduction
The steam turbine exhaust channel is composed of the exhaust cylinder and the condenser throat, which is the channel connecting the final stage of the steam turbine and the condenser, introducing the steam turbine exhaust into the condenser and converting the steam kinetic energy of the final stage steam into pressure as much as possible Can [1] improve the exhaust gas channel performance, can effectively reduce the steam turbine exhaust pressure, improve the unit economy. For high-power turbo-generator units, the exhaust cylinder energy is equivalent to more than 2% of the total available energy, accounting for about 0.15% of the total unit loss [2] . In addition, according to the theory of field synergy, to improve the exhaust steam channel outlet steam flow uniformity, can strengthen the condenser tube bundle convection heat transfer effect [overweight, etc.] , reduce the condenser heat transfer side difference, to reduce the steam turbine exhaust The results show that when the steam flow rate is below 50m/s, the local convective heat transfer coefficient of the condenser tube bundle increases with the inlet steam velocity, but when the steam flow rate is higher than 50m/s, the steam velocity is higher The effect of heat transfer coefficient is no longer obvious [3] . Therefore, it is very important to study the steam flow field and its influencing factors in the exhaust gas outlet, which is very important to reduce the steam exhaust pressure and improve the unit economy.
The horizontal axial exhaust of the turbine is bent or flipped in the exhaust channel to eventually form a vertical downward main flow, which enters the condenser and scans the cooling tube and is cooled into water. In addition to low-pressure heaters, low-pressure pumping pipe, but also includes many to prevent the deformation of the condenser truss, stiffeners, etc., in addition to low-pressure bypass temperature and pressure relief device, drive Feed water pump small steam turbine exhaust and so on are collected to the condenser throat. These internal components are bound to interfere with the steam flow, the throat outlet cross section of the uniformity of the steam flow field and the condenser tube bundle heat transfer effect.
The influence of the internal components of the exhaust gas channel as a whole on the flow field of the outlet cross section has been paid attention to in recent years. Cao Lihua, Zhou Lanxin [4 ~ 5] and others in considering the throat low pressure heater on the basis of three-dimensional numerical simulation, that small steam turbine exhaust access, leading to the condenser throat outlet flow field in the access position The lower part of the local low-speed area, and the scope of the growing, the throat outlet flow uniformity have a certain negative impact. Cui Guoming, Guo Yuguang [6 ~ 7] and others found that by the low-pressure heater will produce local low-speed area, the uniformity of the throat had a great damage; Liu Hui Min [8] the use of similar theory for the principle of a heater, Gas pipeline, supporting the pipeline of the steam turbine carried out the hair test and found that the exhaust channel formed by the exhaust channel is very uneven, and there are many vortex exists at the export section, at the same time, there is a large scroll area at the entrance of the condenser tube, which will affect the heat transfer effect of the condenser and heat transfer side of the poor. It is found that the ribs will have the effect of blocking and breaking the channel vortex and disturbing the flow field, and rationally arranging the ribs can effectively improve the static pressure of the exhaust cylinder resilience [9] .
The above research has a guiding significance for the design of the throat of the condenser, but many of the many studies have not considered the influence of the support pipe and the four wall ribs, and the influence of the two is more concerned. Therefore, on the basis of this paper, considering the influence of supporting pipes and walls, the whole exhaust channel model including low pressure cylinder is constructed by using professional software according to the structural drawings of power plant units. And simulate the steam flow field of exhaust channel by using the authoritative software dedicated to computational fluid dynamics (CFD).
Geometric Model and Control Equation

Geometric Model
The 600MW steam turbine exhaust cylinder studied in this paper includes not only low pressure heater, low pressure extraction pipeline, small machine exhaust hole, but also includes a large number of support pipe, wall reinforced rib cage, vacuum reducing and other components, but this paper In order to facilitate the calculation, the model only includes the five components of the low pressure heater, the small machine exhaust, the low pressure extraction pipeline, the support pipe and the four wall stiffeners, taking into account the influence of the pipe and the ribs on the flow field. To the structure of the model and the symmetry of the flow field distribution, this article only simulates its half of the structure, simplifies the physical model, as shown in Figure 1 .
Which support the layout of the pipeline is divided into two parts, part of the throat at the entrance of the horizontal support pipe, placed horizontally on both sides of the suction pipe, symmetrical tile up and down two layers, and the total length of twelve pipes are 3800mm. The other part is located in the lower part of the throat of the vertical support pipe, from the throat inlet side to the other side of the outlet, placed two rows by the upper 12 length of 3710mm, the lower 12 length of 1470mm pipeline composition. 
Geometric Dimensions
In this paper, The Gambit was used to model, and the Fluent was used to simulation. In the simulation calculation process, the selection of the cylinder using unstructured grid for grid division, the grid independent test to determine the total number of grid is about 63 million.
Control Equations and Boundary Conditions
Based on the k-ε turbulence model, the three-dimensional SIMPLE algorithm is used to solve the N-S equation, and the fluid flow of the exhaust channel is simulated by ANSYS. The model has two inlet borders, and the inputs are assumed to be evenly fed, using the mass flow inlet boundary conditions. The first import is the four imports of the exhaust cylinder (ie, the final row of steam), the import direction along the x-axis positive and negative respectively. The second import is a small steam turbine exhaust in the throat inlet, small machine exhaust parallel to the low increase, along the Y axis negative inflow. Axial ring into the steam and downward exhaust was used generally, the export boundary for the pressure export boundary conditions. The specific parameters are shown in Table 1 . On the Fluent software platform, the equations of the continuity equation and the momentum equation are solved based on the pressure. Select the speed inlet and pressure outlet as the boundary condition; the wall is the non-slip wall boundary; Choose SIMPLE as the pressure-speed coupling method.
Continuous equation:
Momentum equation:
Numerical Simulation and Result Analysis Calculation Conditions
The following assumptions are made in the simulation process [10] [11] [12] :
(1) Suppose that the working fluid steam is single phase;
(2) The influence of gravity is ignored; (3) Assuming that the exhaust channel system is insulated; (4) Steam in the exhaust channel single-phase three-dimensional unsteady turbulence flow.
Numerical Simulation
The influence of low pressure suction pipe, low pressure heater and small machine exhaust is considered in model 1. Figure 2 shows the air flow through the model once, resulting in a part of the low-speed area (less than 20m / s), high-speed area (greater than 120m / s) is also less, model two horizontal and vertical support pipe, Support the pipeline block, so that the region of the flow resistance increases, around the high-speed area, low-speed areas are a small increase. Model three on the basis of this through the walls of the ribs of the barrier, low-speed area to reduce and spread out. It shows that the support pipe and the four wall stiffeners have little effect on the velocity of the flow field, but have some disturbance effect. Through the same model of the throat outlet, the inlet velocity flow field distribution can be seen. Model 2, steam through the exhaust cylinder volute into the throat before the model two of the entrance section around the high-speed area, the middle of the pumping pipe due to the emergence of a low-speed zone, the overall velocity distribution in the 0-190m/s, After the support tube, the high-speed area decreased, the low-speed area increased, and the support tube had obvious effect on the airflow. Model 3 due to the role of the upper plate, the throat inlet appeared around the low-speed area, after the lower plate after the high-speed area to reduce the low-speed area increased. Figure 5 show that there is a vortex in the outlet of the unsupported tube, The export flow broke the whirlpool, but had a certain effect on the edge of the airflow, so there was a small part of the high-speed area. Therefore, the support pipeline through the channel vortex blocking effect of the impact of the export flow field, the export flow field is more uniform. Compared with Figure 4 (b), the vortex is reduced, indicating that after the barbed air flow, the vortex is broken the role of the increase, the rotation of the rotating air intensity is also significantly weakened convection The disturbance of the field is enhanced. As a result, the static pressure recovery capacity of the exhaust cylinder is enhanced and the output unevenness coefficient is reduced. Figure 7 is the pressure change of model 1, model 2 and model 3. Figure 7 (a) of the throat inlet pressure between -50Pa -80Pa between, (b) in the throat inlet pressure was significantly reduced, including the support pipe site pressure was significantly reduced (green part), and has been spread to Export, vacuum reduction. The pressure of the model three -1600-1000pa, the pressure is greatly reduced, in the support tube and the wall of the location of the ribs, the pressure decreased significantly, the total pressure loss increased. 
Conclusions
The simulation results of 600MW turbine steam turbine flow field show that:
(1)There is no support for the impact of the pipeline channel, due to the impact of other internal components, the emergence of the whirlpool area, high-speed area, low-speed area, taking into account the impact of supporting the pipeline, the channel vortex is interrupted, the flow field changes, After considering the ribs, the vortex of the ring is more obvious, the export flow tends to be more uniform.
(2) Compared with the non-supporting pipe and the four-wall stiffener, the support pipe and the rib can improve the static pressure recovery capacity of the exhaust cylinder and reduce the non-uniformity of the outlet, but also increase the total pressure loss.
(2) Four wall stiffeners and supporting pipes have obvious influence on the aerodynamic performance of the throat. In order to obtain a more accurate throat flow field, the influence of the supporting pipe and the four wall stiffeners cannot be neglected during the simulation calculation. The optimum design of the exhaust cylinder can also start from the reasonable arrangement of the supporting pipe and the ribbed plate, and reduce the total pressure loss and reduce the influence on the aerodynamic performance of the exhaust cylinder on the basis of improving the uniformity.
